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Gentlemens 


Transmitted  herewith  are  six  oopioo  of  the  fourth  quarterly  progress 
report  on  our  studies  of  phosphorus  fillings  for  munitions.  Tho  roport 
covers  work  performed  under  oontraot  W -18-035 -CWS -1318  during  tho 
period  April  1  to  Juno  30,  1947. 
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Juno  3 ?,  1947,  under  Contract  U~18u03{>^'^o’»lS3.3 


SUMMARY 


n  In  ft  oonhinuation  of  the  ocorch  for  suitable  binders  for  granulated 
whito  -phosphorus  ii  fillingo  for  munitions,  coveral  additional  commercial 
oaating  resins  worn  tostod.)  Invcjbigatiqg  of-trethodn  of  preparation  of 
r© a ino  ^fronr  laboratory  re*t»<»irbe  wft«  discontinued.- 

'A  test  f  )r  evaluation  of  tho  thornal  \stability  of  the  experimental 
.fillings  in  projeo  ;ileo  wan  dovicod  atxl  used.  'Tho  method  is  based  on  tho 
lateral  shift  of  t  us  oontor  of  gravity  from  tho  longitudinal  axis  of.  tho 
fillod  projootilo  when  the  projectile  is  Btorod  on  itn  side  at  65*  C.^> 


In  toote  of  various  bursting  charges  in  M13  gronades,  certain  of 
tfco  oxperimontal  fillings  performed  satisfactorily  when  exploded  with 
M3A4D  fuses,  MGA3  .’usos  boootod  with  a  cm.ll  amount  of  a  propollant  powder, 
or  EC  powder  ignitud  with  H201  fusos.  Poth  M6A3  fuzoo  and  a  combination  of 
powdor  from  .30-' 0  3  service  riflo  sjrxMnition  ’.vith  M201  fusos  proved 
unsatisfactory  as  juretors. 

'Of  the  e:qporlnontal  phosphorus  fillings  oubjoot6d  to  firing  tests, 
those  inwh  lch  the  granulated  pher^phoruo  v/as  bound  v/ith  plaster  of  par  is 
wore  tho'mont  promising.  Fillings  bound  with  Duralon,  Palestlo,  and 
Thiokol  LP~2  performed  fairly  wall,  but  fillingoi  bound  with  phenolic  casting 
rosins  gave  poor  s  noka  ooreens.-  v 

-  •  \ 

.  Flomo  ro uardonto,  such  as  aro  usod  in  pormisoiblo  oxplooivos  to 
lower  the  tomp“  .it  iro  of  oombustion,  appeared  in  preliminary  toots  to  be 
worthy  of  further  study  as  agents  for  inproving  tho  porformanoo  of  tho 
phosphorus  fillings.. 


/V 

>.•/  futu 


Plans  fo.'l  futuro  work  include  additional  firing  tonto  on  fillings 
that  appear  promis  -ng  and  attonpts  to  propare  fillings  composed  of  mixtures 
of  white  and  red  phosphorus. 
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Ir.  tho  3-rconth  period  covered  by  thin  progi*ct«  report,  additional  1 
commercial  casting  ron5.no  worn'  tooted  :ia  birders  for  granulated  white 
pfc.osphorun ,  and  the  officaoy  of  planter  of  jaric  as  a  binding  ngjnt  wuo  | 

oxploreifurthar .  A  method  t mu  dovieal  for  dotor.niu.inp  tho  tho  r. ml  stability! 
or  .t'ilufngo  aompriainf-  granulated  phosphorus  with  various  binders.  The  | 
performance  of  tho  experimental  fillings -in  M15  grannie o  w-rs  studied  ao  a  | 
function  of  the  typo  of  burster.  Tho  following  sections  of  tho  report  \ 

present  tho  details  of  tho  experiment?  anoytho  plane  lor  liKsodiato  futnro 
rssoarch  on  tho  projoot.  $ 


RES  IK  BIRDERS  FO'.c  CRAilUUTED  V'B.ITE  P.IOSPhORUS 


Sines  various  conaoroial  casting  rseinc  appeared  superior  to  rosins  if 
that  could  to  concocted  in  tho  laboratory,  preparation  of  binders  from  f 

laboratory  reagents  vmr.  discontinued.  Several  grenade c  wore  filled  with  a  ^ 
mixture  of  granulated  phonphoruc  and  uroa-furfural-oltric  add  laboratory 
rosin;  the  filling  deteriorated  rnpidl/  at  65®  C.,  hcv.cver,  and  the  grenades  M 
rero  used  in  an  explointory  investigation  of  bursting  charges  with  results  ;|| 
that  r.ro  not  comparable  to  t!r  routine  firing  touts. 


Contnoroial  Rooino  || 

Tho  ooBBiorcial  prop?,  ret  ions  listed  in  Tablo  I  form  stable  mixtures  & 
with  granulated  whito  phcophojuc.  Tho  phcrclir  rosins  arc  liquid  phonol- 
formaldehyde  condensation  products.  1 1  their  conwrcir.l  uso  as  casting 
r*  .ins,  thoy  are  hardenod  by  hooting  t  xr.  v;lfch  tho  hardening  agent  at  about 
*/o°  C.  for  periods  from  ocvorf.l  ninuto  •.  to  c  few  hours.  Thoy  booems 
sufficiently  rigid  for  u;o  as  bindore  .n  phosphorus  fillings  at  room 
tempo r at uro,  however,  but  the  timo  required  for  tho  hardening  is  longer 
than  that  necessary  at  elevated  tempor  vturos.  At  room  temperature  the 
hardening  io  pract5.cAlly  ccmp.'.oto  in  pudoiG  from  ssverul  hours  to  a  few 
days. 
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Comnrerclal  Roglnn  Uocd  c.a  Finders  In  Phoophornu  Fillings 
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Dura Ion  apparently  is  tho  only  furano-typo  casting  resin  that 
io  produced  commercially.  Ito  properties  are  similar  to  thoBe  of  tho 
phenolic  casting  rosins,  except  that  i. t  is  s craowhat  slowor  to*  harden  at 
room,  tempo rature  . 

Palestlo  is  a  stabilised,  wntor-eolublo,  liquid  urea-formldohydo 
condensation  product.  It  was  devolop'.:'  s  a  strengthening  agent  for 
plastor  of  peris  caots.  In  practice,  ralestic  and  its  ”feotorn  are  added 
to  tho  vrater-plaoter  mixture,  and  the  ronultant  mixture  be  ha  too  much  tho 
same  as  ordinary  plaotor.  Tho  dried  cast  to  oaid  to  bo  stronger  and  more 
resistant  to  ohipping  than  plaster  alone. 

Thlokol  LP-2  is  dosoribed  a.-,  a  low-mo  Jaaulnr  polyuulfido  polymer 
having  reactive  roroaptan  terminals  and  oldo  groups  capable  of  furthor 
polymerisation  and  cross-linkage.  Mixtures  of  Thickol  LP-2  with  load 
peroxide  ara-qgi-ttT'at i f f  and  somowhe.t  difficult  to  nix  with  gjrAnuletod 
white  phosphorus.  Bsoauso  of  tho  possible  reaotion  of  tho  poroxlda  with 
white  phosphorus,  tho  mixtures  uro  oo'„nidorod  nontiuhat  hnrardous,  although 
small  batches  havo  been  prepared  without  mishap.  'Tho  polyrar  euros  readily 
with  furfural  and  formic  acid,  but  further  investigation  will  bo  required 
to  dotermino  tho  optimum  proportions  of  thcr.o  reagents.  .  , 


Modifioationn  of  Binders 

Although  placter  of  pario  casts  may  bo  strengthened  by  tho 
incorporation  of  Palostic  and  its  fo  ’tor  in  tho  initial  mixture,  incorporations 
of  uro  a -f or m ldohydo  and  uroa-furfural  resins  failed  to  impart  any  dosirablo 
characteristics  to  plaator  caste. 

Emulsions  of  white  phosphorus  In  wator  oan  be  prepared  with 
polyvinyl  alcohol  as  tho  emulsifying  r.gont.  Emulsions  containing  as  nuch¬ 
as  80  per  cent  of  raolton  v/hito  phoephorus  as  tho  disperse  phase  can  bo 
prepared,  jut  the  omulsions  break  on  standing  at  room  torperaturo.  A  cold 
omuloion  brooks  rapidly  vrhon  heated  a  boro  the  uniting  point  of  phosphorus. 

It  wao  found,  hewovor,  that  fillings  with  dosirablo  burning  proportios  oould 
bo  prepared  Upon  granulated  phosphorus,  plaetor  of  parie,  and  a  polyvinyl 
a looho Iterator -phosphor us  omulslon  that  contained  about  50  per  cont  phosphoruo. 


AILABt£Cop, 

Hydrated  salts  are  commonly  incorporated  into  explosives  to  reduce 
the  temperature  of  combustion.  Among  such  salts  are  gypsum  e.ud  other 
hj-dratod  sulfates,  alums,  borax,  and  various  ammonium  soltn.  The  uniformly 
good  performance  of  plaster  of  paris  fillings  lod  to  the  assirnption  that 
the  excess  ?rator  added  to  nw.too  tho  initial  nix  vrorkablo  my  have  redueod 
the  pillaring  by  dooroasing  tho  tomporaturo  of  ocrabU3tioa.  On  this  assuiap- 
tion,  flams  retardants  wore  added  to  a  filling  in  which  I!nr  blotto,  a 
phenolic  easting  resin,  v/an  used  an  a  binder.  Tho  flam  retardants,  borax, 
potassium  alum,  ammonium  oxi.lato,  and  opsora  salt,  brought  about  a  marked 
improvement  in  the  performance  of  tho  fillings.  Further  work  showed  that 
Durialon  and  Thiokol  LP-2  apparently  withstood  tho  incorporation  of  flams 
retardants  letter  than  did  tho  phonolio  rooin3.  t/ork  on  the  effoot  of 
flame  retardants  on  tho  performance  of  phosphorus  fillings  is  being 
oontinued.  Ammonium,  aluminum,  and  iron  chloridos  will  bo  inoludod  in  future 
tests. 


THEF.StU,  STABILITY  TESTS 


It  lo  assumed  that  tho  exudation  tost  ourrontly  used  to  determine 
the  thermal  stability  of  PftT  is  not  applicablo  to  rigid  fillings  of  the 
type  prepared  by  TVA.  It  1.:  assumed  also  that  the  irkjor  adverse  offeot 
of  thermal  instability  of  otherwise  rigid  fillirgs  wbuld  bo  the  lateral 
shift  of  the  center  of  gravity  of  t/.o  fillod  projectile  from  the 
longitudinal  axis  whan  the  projostil**  was  stored  in  n  horirontal  position 
under  tropical  conditions.  To  roaa’.ir?  this  shift  lathe  oentor^of  gravity, 
a  rigid  steel  track  won  constructed  and  the  parallol  tncm'xjra  wore  ground  to 
true  straight  edgos.  Unbalance  of  tho  fil.lod  nAssilo  was  roasured  by 
determining  tho  woight,  ousj onded  from  a  Gtring  wrapped  around  tho  missile, 
neoossary  to  maintain  tho  missile  at  root  00°  from  its  natural  rest  point 
on  the  level  tracks  Since  tho  radius  and  woight  of  the  micelle  woro  known, 
the  diattrfJc^bT^tho  cont*»r  cf  gravity  from  the  longitudinal  axis  was 
oaloulatod  readily, 

\ 

In  preliminary  torts  of  tie  method,  sections  of  57-rou.  glane 
tubing,  sealed  at  ono  end,  row  fillod  about  two-thirdo  full  of  mixtures  of 
granulated  phosphorus  with  ThJ.okol  LP-2.  Tho  rooin  was  cured  with  f«Tfural 
and  formic  aoid.  The  tubes  were  closed  with  rubbor  stoppers  through  which 
passed  small-bore  glass  tubing  to  release  any  pressure  developed  in  the 
oontainors.  When  tho  fillirgs  had  ha <*dor.od,  tho  tubas  wore  placed  horizontally 
in  a  water  bath  at  65'  C.  fer  ?A  hours,  sftor  which  thoy  v.oro  removed  and 
allowed  to  cool  in  the  carno  position  they  had  occupiod  in  the  bath.  After  the 
unbalance  of  oaoh  tubs  had  loon  measured,  the  exuded  phosphorus  that  had 
oo Hooted  in  tho  empty  apaoe  botwoon  tho  filling  and  tho  rubber  stopper  was 
out  out  and  weighed.  Tho  exuded  phonphoruo  accounted  for  about  one-half  of  the. 
unbalance  o'  tho  tubes.  Tho  data  vroro  insufficient,  however,  to  permit  estimation 
of  tho  dlntrijpc-tlnn-  of  the  retained  phosphorus  in  tho  body  of  the  filling. 
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Similar  thermal  stability  tests  woro  mado  on  LQo  rroiir.^co 
oontai.ni.ng  various  experimental  fillings.  Tho  grenades  contained  P.P.5  co. 
of  filling,  irhioh  oooupiod  about  DO  per  cent  of  tho  froo  space  in  tho 
gronado.  In  assembling  tho  grenades,  tho  male  threads  of  tho  burator 
wella  vroro  coated  v/ith  ft  hoavy-Iuty  greaso.  Tho  gronndos  wore  placed  on 
thoir  nidcB  in  an  own  at  05"  C.  Thirty'per  cont  of  tho  gronadoo  ao 
heatod  leaked  phosphorus  around  tho  threads  of  tho  burster  wl usually 
w4 fcMw  1  Koimh — Tho  leaking  grenades  v;oro  removed  from  tho  .oven  * 
immediately  and  allowed  to  cool  in  a  horizontal  position.  Tho  other 
gronndon  worn  romovod  at  tho  on?  of  0  hours  and  also  were  cooled  in  tho 
cares  position  thoy  had  oocupicd  in  tho  own.  Tho  results  of  tho  toots  are 
shown  in  Table  II.  It  is  apparent  that  tho  change  in  distribution  of  tho 
phosphorus  in  the  gromdoo  oocu.'fi  in  loss  than  Q  hourG  of  oxpo::uro  to 
tropical  storage  conditions.  Subsequent  heating  of  nomo  of  tho  gronados 
at  66*  C.  for  7  hourn  whilu  otaoc'ing  on  thoir  bason  rocultsd  in  roduotlon 
of  tho  unbalnneo  practically  to  zero,  from  which  it  is  eoecludud  that 
tharmal  instability  of  fillings  of  the  typo  prepared  in  tho  present  study 
is  duo  to  ntoverront  of  molton  phosphorus  by  gravity  flow,  and  that  tho 
contor  of  gravity  of  tho  filled  nunition  may  be  roctorod  substantially  to 
its  original  position  by  h3Rting  while  in  tho  upright  position. 


From  the  data  in  Table  II  it  is  concluded  that,  of  the  fillings 
tooted,  only  those  in  which  the  binders  wore  Cats bond,  Palostio  without 
water,  «wjJ  ITiiolebl  LP-2  aro  thor-ially  unstable  to  a  degree  that  would 
Effect  tho  ballistics  of  tho  pro  joctilo.  Comparison  of  J4A  and  J5A, 
which  it© ro  cured  with  4  par  cont  '’oralo  acid,  w^th  J5A,  cured  with  2  per 
cent  formio  uoid,  Indicates,  howevc  r,  that  suitable*  nntheda  of  curing  may 
yield  n  thormally  utablo  Thiokol  L?-2  binder,  ibo  unbalance  of  tho  Ptf? 
granado  was  approximately  what  would  lo  expected  If  it  is  assured  that  the 
entire  ohargo  behavos  a3  a  liquid  at  65°  C. 

All  tho  gromdeo  that  had  been  subjootod  to  thorovil  itabillty 
tests  wore  subsequently  fired  in  comparison  with  unheatod  gronudea. 

There  •  *o  no  apparent  difference  in  tbo  performance  of  heated  and  unhoated 
gronados. 
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TABU:  II 
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21 

1.0 

2.0 

K2B 

Catabond 

3;:i 

040 

ltt 

32 

1.5 

3.0 

K2C 

Catabond 

•541 

309 

r- 

21 

0.9 

1.9 

MIA. 

Karbletto 

•3?.  9 

os; 

i  0 

2 

0.1 

0.2 

M2A 

Kar blotto 

347 

539 

7 

0.3 

0.3 

M2B 

J'arblotto 

714 

i  ir' 

A 

0.2 

0.3 

PIC 

P&loetio0 

■H-l 

!  <} 

4 

0.2 

0.3 

P£C 

Pft.lo  otio^ 

337 

730 

0 

42 

1.9 

3.7 

PC  ID 

Paloatic-plastcr 

31' 5 

739 

i  0 

5 

0.2 

0.4 

J3A 

Thiolrol  LP-.'i^ 

302 

04 

0 

\  09 

3.2 

fl.9 

10 

\0S» 

3.2 

6.9 

J4A 

Thiokel  LF-2^ 

335 

G73 

3 

16 

0.7 

1.4 

10 

20 

0.9 

1.3 

JGA 

Thiokol  EP-2h. 

3/.  3 

570 

0 

E5 

1.1 

2.3 

1(5 

1.2 

2.  4 

JGA 

Thiokol  LP«2j- 

s::s 

350 

/j 

ko 

1.1 

2.3 

J7A 

r  lokol  LP-2«5 

o;-S 

392 

'  c 

'12 

!\0 

3.5 

PffP4 

.  la a tie! sod  V;P^ 

230 

r 

n 

<:<) 

2.U 

5.1 

• 

10 

02 

2.0 

0.  ■! 

Gronr.do  looked  phosphorus. 

- '  . 

Polyvinyl  aloohol~vn 

tor  o 

ep.ioruB 

emilrian 

need  to 

r up  ply  v/a 

ter  to 

got  plantar^- — 

®  Faloatio  roain,  factor,  aud  v/iter. 

“  Palooti.o  ropia  and  factor}  no  water.  \ 

®  Plaster  of  parlo  and  Paloctic  mixture.  \ 

*  Cured  with  20  por  coat  furfural,  2  per  cent  ECOOH. 

6  Curod  vrith  30  por  co:st  furfural,  4  per  coat  ECOOH. 

«  Cured  with  20  per  coat  furfural,  4  per  cent  ECOOH. 

~  Llaaood  oil  unod  aa  plntticir.cr. 

J  Sauna  as  JGA,  but  v:ith  fine  granulated  p. 

*  Supplied  ‘^r  Edijovrood  Artemi . 
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Bl£COpy 


In  previous  firing  tosts  tho  oxporlmontal  fillings  wro  evaluated 
on  tho  assumption  that  tho  smoko  go nor a tod  in  tho  Iburnt  of  tho  munition 
was  largely  naotod  and  that  the  idoal  performance  would  to  tho  production 
of  tho  minimum  amount  of  cloud  at  tho  burst  and  tho  pcottoring  of  the 
maximum  amount  of  relatively  largo  pieces  of  filling  which  would  burn  on 
the  ground  to  produce  a  screening  trail.  Ur.  Kracko,  in  hln\  visit  to 
Wilson  Dam  on  May  5,  1947,  6  bated,  however,  that  the  ideal  phonphoruo 
filling  would  produco  an  Instantaneous  cloud  that  would  hug  tho  ground  and 
not  be  wasted  at  higher  altitudes .  On  tho  basis  of  informal  talks  with 
Mr.  Kraoko,  it  is  ooncludod  that  ideal  poxiformanoo  nay  bo  rtoooribod  as  tho 
produotion  of  a  soreoning  cloud.,  gonoratod  almost  simultaneously  with  tho 
burst,  thatocroono  an  area  from  ground  level  to  n  height  of  about  \Z  foot. 

Pi  liar  ing^tHatro  suits  in  r.nocnt  of  smoko  rnoro  than  12  foot  above  ground 
Is  wasteful,  and  part lotos  of  filling  that  burn  so  slowly  that  thoy  do  not 
maintain  tho  original  cloud  arc  likewise  T/aotofvul. 

Tho  firing  toots  covered  ly  tho  present  report  v.oro  made  on  a 
largo,  fairly  level  fill  comprising  wastes  from  Uitrato  Plant  Rp.  2. 

Firing  usually  was  started  at  about  090C  hours  and  oo.ntiruod  through  1130 
hours.  At  tho  beginning  of  each  morning's  firing  the  weather  was  fairly 
oool  (70°  F. )  and  tho  wind  volcoity  wee  bo  lor/  4  miles  per  hour.  As  the 
morning  advanced,  however,  tho  tonperaturo  rose  to  about  95°  F. ,  and  tho 
wind  inoroasod  both  in  velocity  (to  12  milon  per  hour  an  a  maximum)  and  in 
guotlneaa.  It  was  observed  that,  under  tho  boot  conditions  (oool,  relatively 
still  morning),  soreoning  smokos  poroistod  for  a  maximum  of  about  15  seconds 
in  most  shots.  As  tho  weather  conditions  to  cere  v.orcs,  either  tho  wind 
oarriod  the  smoko  i*apidly  out  of  tho  rar.go  of  offcotivo  observation,  or 
thormal  ugflcaigfeB^aqcoatuatcd  tho  pillaring  offcot  of  the  burst.  In  tho 
evaluation  of  ohote  fired  under  thoco  urXavorablo  conditions,  allowcnoo  was 
made  for  tho  advorce  offoct  of  high  winds  and  of  (thermal  updrafts.  Future  * 
firing  ‘  ate  will  be  made  under  more  suitable  conditions. 


Firing  and  Observation  Procedures  ,  1 

Tho  armad  gronade  was  innortod,  baoo  first  and  up  to  its  shoulder, 
into  a  short  longbh  of  otandard  2,5-inoh  pipo.  A  loop  of  v/lro  was  passed 
around  tho  top  of  tho  burster  wo  11  under  tlio  striker  housing  and  attaohed  to 
a  stiff  wire  hook  anchorod  in  tho  ground.  Tho  safety  pin  was  then  withdrawn, 
and  tho  pipo  oonta^uing  tho  grenade  was  laid  on  tho  ground.  Tho  gronado  was 
firod  by  pulling  the  retaining  pipo  from  tho  gronado  with  a  ropo  that 
extendod  to  the  obpoinration  point.  All  gronados  were  thus  lying  on  tholr 
oidoo  on  tho  ground  whon  tho  burster  explodod. 
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Observations  woro  mdo  from  a  point  SO  yards  from  the  burst,  and 
attempts  were  mado  to  Irocp  the  lino  from  tho  burst  to  the  observation  point 
at  right  angles  to  tho  wind.  Kotos  wro  mado  of  tho  diantor  of  the  burnt 
(total  distribution  of  fragmants  of  tho  filling  normal  to  tho  lino  of 
obcorvation),  relative  amount  of  pillar,  time  of  poroiotonoo  of  sorooning 
amoko-i  ilffHalty  of  scrooning  rmoko,  typo  of  rupture  of  grenade  oaso,  and 
amount  of  filling  remaining  in  the  burst  cane.  &  cmrwra  (Kodalc  35,  -with 

Lifft  Omnioolc.*  filter,  icartod  with  Kodak  Sup '  .  * 

observation  point,  and  pictures  woro  talron  o 
6  seconds  and  10  ooccndo  a  a  tor  tho  burst. 


wr  aa  i  a xjnj  vnvo  mounted  at  tho 
fjthe  burst  and  of  tho  smoko 


Pictures  of  tho  vnriouc  typos  Q.f  smokos  produced  in  tho  firing 
teste  ore  shown  in  Figures  1  and  2.  All  tho  snokoe  shown  in  Figure  1  are 
rated  as  satisfactory.  Tho  cloud  shown  in  C2F  is  considered  of %ho  desirable 
typ®*  although  at  10  soccndn  the  aoroen  ia  beginning  to  thin  at  tho  left- 
hand  aide  near  tho  ground.  Tho  cord-columnar  type  of  cloud  shown  in  C2A 
is  obtainod  more  frequently  then  tho  tyjjo  shown  in  C2F.  Tho  screen  shown 
in  M6B  io  tho  beat  that  wan  obto.inod  in  tho  cerioo  covered  in  this  reportj 
the  screen  persisted  for  25  aoconds.  Tho  sorcon  ohovm  in  E1B  i3  considered 
little  bettor  than  fair.  Grenades  E1A  and  J8B  wore  flrod  in  a  G-alle  wind. 


All  the  smokes  shown  in  Figure  2  aro  considorod  unsatisfactory. 

Too  much  smoko  is  wasted  in  tho  pillar  in  DIE,  wh©x*ens  A<A  illustrates  an 
extremely  rapid  dissipation  of  smoko,  presumably  in  a  thermal  updraft.  An 
undosirablo  obaraotorlatio,  frequently  onoountored,  of  a  rlondor  column  of 
smoke  with  little  soroening  ofi'et  is  illustrated  by  E1C  and  DID.  The  burst  ’ 
in  FWP3  was  obtainod  when  a  gro.  ado  containing  P.YP  rms  buret  with  EC  powder j 
this  is  tho  only  groaado  burst  similar  to  tho  oharaotorictic  bursts  obtained 
whon  fillingo  in  glaoc  boaVorn  T-oro  exploded  v/ith  firecrcckorG.  Tho  emoke 
in  both  P'fPS  and  IYiP4  is  too  thin  for  effective  scrooning. 


Effoo»  of  Typo  of  Burstor 

Tho  performance  of  1K5A4D  fuser;  was  tint  in  factory  with  all  tho 
experimental  fillings.  Of  tho  grenades  oxploded  with  1EA4D  fuses,  80  per 
oent  woro  torn,  12  por  coat  wore  cupped,  and  tho  rest  wore  split  or  lantern 
buret . 

The  bursting  forco  of  2£3A3  fuses  was  taoo  weak  for  satisfactory 
performanoo  with  any  of  tho  oxporirDntnl  fillings.  V/hon  those  futoa  were 
boosted  with  2  oo.  (2  grama)  of  ,30-'08  powder,  nov/ovor,  the  oases  wore  torn 
oonslstontly  by  tho  explosion,  and  tho  performance  was  ecinparablo  to  that  of 
grenades  burst  with  H6A4D  fucos.  '' 


FIGURE  I 

SATISFACTORY  SMOKES  PRODUCED  BY 
PHOSPHORUS  FILLINGS  IN  MI5  GRENADES 


•  iv->wr\i_  c. 

UNSATISFACTORY  SMOKES  PRODUCED  RV 
PHOSPHORUS  FILLINGS  IN  MI5GRENADES 
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A  combination  of  EC  powdor  with  M201  fuses  performed  oo.biafaotorily, 
but  8  oo.  (3  grams)  of  tho  powdor  was  roqulrod  fop  propor  functioning. 

With  this  oharge,  74  por  cent  of  tho  oases  woro  torn  and  22  por  cent  wero 
lantern  burst  by  tho  oxploolon. 

The  pcrvdor  from  U.  S.  Array  .30-* C6  sorvioo  rifle  oartridgeo, 
ignited  with  M201  fusee,  was  loco  satisfactory  ao  a  bursting  oharge  than  EC 
powder.  When  8  oo.  (8  grama)  of  ,30-'0G  powder  was  used  ae  the  bursting 
charge,  40  per  cent  of  the  casos  wt*ro  torn,  40  per  oent  were  lantern  buret, 
and  20  per  oent  were  cuppod  by  the  explosion. 

Incidentally,  G4  per  cent  of  all  grenadoa  that  were  torn  by  the 
bursting  oharge  produced  good  snolcoa,  23  per  cont  produced  fair  smokes,  and 
23  por  oent  produced  poor  anokoo.  On  the  other  hand,  60  per  oent  of  tho 
•mokes  produoed  by  lantern-burst,  split,  or  oupped  caooa  ware  rated  an  poor. 


Performance  of  Fillings  y 

All  the  experimental  fillings  preparod  by  TVA  wore  mixtures  of 
granulated  white  phosphoruo  with  a  fluid  binder  whioh  aubooquontly  set  to 
a  rigidly  solid  mass.  Sinco  all  the  fillings  contained  granulated  phosphorus, 
they  are  identified  in  tho  following  diaoussion  %  the  binder  used  in  their 
preparation.  \ 

Massive  phosphorus  in  H5  gronadoa  porfornod  too  Ajrratically  to 
be  a  satisfactory  standard  for.  comparison  with  other  fillings.  Pillaring 
usually  was  marked,  and  tho  smoko  usually  formed  a  slender  rising  oolumn  that 
had  little  ooroening  v&luo.  Oddly  onough,  partioles  of  massive  phosphorus 
that  were  ecattorod  by  the  explosion  often  burned  for  as  long  as  2  minutes 
after  the  bursty  whioh  compared  favorably  with  tho  burning  time  of  partioles 
of  filllBgo  ^prepared  with  binders,  but  the  eraoko  generated  by  tho  is  &  burning 
partio1  s  was  not  dense  enough  to  have  value  as  a  soroen. 

\ 

Four  grenados  containing  FWP  were  obtained  from  Edgewood  Arsenal 
and  woro  firod  in  oomp&rison  with  experimental  fillings  preparod  by  TVA. 

All  four  FWP  grenades  produoed  thinner  and  less  soroening  smoke  than  was 
oonsldered  satlsf&otory.  The  smokos  from  two  of  thoso  grenades,  FTPS  and 
JWP4,  are  shown  in  Figure  2.  Grenade  PWP3  was  exploded  with  EC  powder,  and 
the  appearance  of  tha  burst  indicates  that  tho  plastio  fWP  was  extruded 
through  tho  ruptured  oaoo  by  tho  propellant  powder.  This  oass,  however,  was 
torn  by  the  bursting  oharge.  Orenade  F1YP4  was  oxplodod  with  an  M6A4D  fuse j 
whereas  this  grenade  performed  bettor  than  any  of  tho  other  FTP  grenades, 
the  smoke  produoed  was  too  thin  to  be  an  effective  screon. 
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Phcnolio  Fillings t  The  performance  of  phonolio  fillings  was 
poor.  In  general,  the  smokos  tended  to  fora  rising  columns  similar  to 
those  shown  in  DIB  and  DID  in  Figure  2.  Both  the  so  fillings  were  prepared 
with  Dure*  eactiog  rosin,  and  the  pioturos  aro  extrono  examples  of 
undesirable  performance.  Catabond  rosin  made  bettor  fillings,  in  goneral, 
than  did  either  Baker,  Duros,  or  Marblotte  rosino,  but  the  number  of  grenades 
of  eaoh  type  tested  was  too  small  for  conclusive  comparison.  Aa  a  wholo, 
however,  the  phono lio  bindors  wore  less  promising  than  other  binders. 

Dura  Ion  Fillings »  As  shown  by  E1A  and  iilB  in  Figure  1  and  E1C 
in  Figure  2,  Duralon  fillings  porformad  fairly  well. 

Palostio  Fillings t  Fillings  bound  with  Polestic  reein  alone 
showed  sufficient  promise  to  warrant  further  investigation.  Fillings  in 
which  Palestio  and  piaster  of  pari3  togothor  wore  used  ns  tho  binder 
performed  pooror  than  did  plaster  of  paris  fillings  that  contained  no 
Palostio. 


Thiokol  LP-2  Fillings »  The  Thiokol  LP-2  fillingo  were  cured  with 
furfural  and  formlo  aoid.  Fillingo  oured  with  20  per  cent  furfural  and  4 
per  cent  formio  aoid  performed  well  onough  to  indicate  that  proper  curing 
of  Thiokol  LP-2  may  result  in  a  satisfactory  filling.  Fillings  oured  with 
20  per  cent  furfural  and  2  por  cent  formio  aoid  porformed  erratically, 
probably  beoauoo  of  nonuniform  ouring  in  the  presence  of  the  small  amount 
of  aoid.  Fillings  oured  with  30  per  cent  furfural  and  4  per  cent  formio 
aoid  porformad  poorly,  and  modification  of  tho  binder  in  those  fillingo 
by  incorporation  of  linseed  oil  or  ethylene  glycol  was  of  no  apparent 
advantage. 


Plastor  of  Paris  Fillings »  Tho  performance  of  fillings  bound 
with  plaster 'of  pair  is  was  consistently  bettor  than  that  of  any  of  the 
other  fillings.  Grenades  C2F  and  C2A  in  Figure  1  contained  plaster  fillings. 
Mixtures  in  whioh  the  wator  required  to  harden  the  plaster  of  paris  was 
auppliod  by  a  polyvinyl  alooholwwater  emulsion  of  phosphorus  containing  60 
per  oent  phosphorus  also  porfonned  very  satisfactorily. 

Flame  Retardants:  Plaster  of  paris  fillings  that  are  allowed  to 
set  in  a  olosed  oontainar  remain  moist  with  the  exoeas  water  that  io  added 
to  form  an  initially  fluid,  workable  mixture.  The  consistently  good 
performance  of  these  fillings  led  to  tho  assumption  that  the  excess  water 
in  the  mixture  may  have  reduoed  the  toznperature  of  ■the  initial  oombustion 
when  the  grenado  was  exploded,  and  so  roduced  the  amount  of  pillar. 

\ 
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To  teat  tho  offoot  of  substances  whioh  might  t©  expooted  to 
reduoo  the  ten^orature  of  combustion,  several  grenades  were  filled  with 
gjr^nulated  phosphorus  which  was  covered  with  various  liquids,  When  the 
phosphorus  was  covered  with  water,  koroseno,  or  carbon  tetraohloride ,  the 
grenades  performed  much  liito  grenades  filled  with  massive  phosphorus,  and 
muoh  of  the  smoke  was  wasted  in  a  pillar.  Whon  the  phosphorus  was  oovered 
with  ethyl  alcohol,  tho  burst  resulted  in  n  email  ball  of  smoke  about  S 
yards  in  diameter.  Most  of  the  granules  wore  scattered  unburned  on  the 
ground,  and  about  5  sooonda  elapsed  before  they  ignited.  This  bohavlor 
is  an  example  of  the  well-known  tendency  of  oortoin  organic  liquids  and 
their  vapors  to  inhibit  tho  oxidation  of  phosphorus. 


Several  Marblotto  fillings  woro  prepared  in  vrhioh  the  binder  was 
modified  by  tho  incorporation  of  15  per  cent  of  borax,  20  per  oent  of 
potassium  alum,  18  per  oont  of  ammonium  oxalate,  or  20  per  oent  of  opsom 
salt.  All  those  fillings  performed  Troll,  in  marked  oontrast  to  the  poor 
performance  of  the  unmodified  liarblette  filling.  The  filling  modified  with 
ammonium  oxalate  performed  bottor  than  any  other  in  this  group;  MSB  in 
Figure  1  shows  tho  smoke  produced  by  one  of  those  ammonium  oxalate- 
Marblette  fillings.  It  has  since  boon  found  that  both  Duralon  and  Thiokol 
UP-2  apparently  withstand  incorporation  of  ammonium  oxalate  with  leas 
adverse  effeot  on  their  physical  properties  than  do  any  of  the  phenolio 
binders.  Investigation  of  tho  offoot  of  flame  retardants  on  tho  performance 
of  Duralon  and  Thiokol  IP-2  fillings  is  being  oontinuod. 


REVIEW  OF  RESULTS  AID  PLANS  FOR  FURTHER  STORK 


On  the  basis  of  both  thermal  stability  tests  and  firing  tests, 
filllngc  containing  plaster  of- paris  as  tho  binder  appear  to  be  the  boat 
that  ha”*  been  proparod  in  the  present  study.  Duralon  and  Polootio 
fillings  also  appear  to  have  considerable  promise,  and  Thiokol  IP-2 
fillings  may  bo  devolopod  that  will  perform  satisfactorily.  The  various 
phenolio  casting  resins  do  not  appear  promising,  but  all  the  experimental 
fillings  will  bo  subjootod  to  additional  firing  tosto  under  more  suitable 
weather  conditions  before  final  conclusions  are  drawn. 


A  shipment  of  stirrer-granulated  phosphorus,  of  partlole  sice 
mostly  between  60  and  00  mssh,  has  boen  reoolved  from  Edgewood  Arsenal,  and 
various  fillings  oontaining  this  material  will  be  prepared  with  the  binders 
used  in  TVA  experimental  fillings.  Since  the  jet-granulated  phosphorus 
prepared  at  TVA  is  ooaroer  (4  to  10  mesh)  than  the  stirrer-granulated  phos¬ 
phorus,  attempts  will  be  made  to  lnoroese  the  amount  of  phosphorus  in  the 
experimental  fillings  by  mixing  tho  two  types  of  granules. 
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Mlxturaa  of  rod  and  whlto  phoaphoruol  auoh  as  are  obteinod  by 
partial  conversion  of  liquid  white  phoophorus  to  the  rod  form,  are 
promising  fillinge.  Some  work  haa  boon  done  on  these  fillings  at  Ed go wood 
Araonal  and  reported  in  T.  D.  M.  R.  No.  793  and  in  a  report  of  teBt  dated 
September  82,  1944,  on  project  A5.2-4.  Oronadoq  filled  with  white 
phosphorus  will  be  heated  for  various  tinea  at  temperatures  botween  260* 
and  300“  G.  to  convert  various  proportion  of  the  white  phoaphorua  to  the 
red  modification,  and  the  treated  grenades  will  be  aubjooted  to  thermal 
stability  teats  and  to  firing  tests.  \ 

From  observations  of  the  performance  of  phosphorus  fillinga  in 
1(15  grenades,  it  is  oonoluded  that  test  firings  of  experimental  fillings 
in  this  munition  should  be  oonduotod  under  suitablo  wo  at ho r  oonditionn. 

The  optimum  wted  velocity  appears  to  be  2  to  4  miles  per  hour)  at  lowor 
vo looitioB~the  smoke  may  tend  to  bunch  up  more  than  io  desirable  in  tost a, 
and  all  smokos  my  tond  to  appear  to  perform  much  alike.  At  higher 
velocities,  oven  nt  5  or  6  miles  por  hour,  the  wind  may  dissipate  so  rapidly 
the  relatively  small  amount  of  smoko  produced  by  a  grenade  that  oritioal 
evaluation  is  impossible.  Thermal  updrafts  from  ground  undor  strong  sunlight 
particularly  in  summer  weather,  apparently  tend  to  aocentuate  markedly  the 
pillaring  of  a  smoke,  henoe,  firing  tests  should  not  bo  oonduotod  when  the 
ground  temperature  is  above  about  80*  F.  . 

To  obtain  more  uniform  weather  conditions  during  future  firing 
tests,  the  tests  will  be  conducted  botween  dawn  and  the  time,  probably 
0800  or  0900  hours  in  tho  summer,  when  the  wind  baconan  stronger  than  is 
desirable  and  the  ground  begins  to  heat  up  in  the  sun.  A  standard  smoke, 
whioh  will  be  uood  to  evaluate  weather  conditions  in  general,  will  be 
generated  by  dumping,  from  a  small  metal  boaker  about  3  foet  above  the 
ground,  a  standard  amount  (probably  about  100  cc.)  of  liquid  80-20  phosphorus 
sulf  ufeuto  ot  io  on  a  metal  plate  largo  onougji  to  provent  marked  penetration 
of  the  liquid  into  the  ground .  .  . 

Tost  grenados  will  be  fired  in  froxit;  of  a  line  of  posts,  12  foet 
high  <nd  8  yards  apart.  Thooo  posts  will  bo  10  lnohos  wide  and  will  be 
painted  in  alternate  black  and  whito  18-inch  oquaroo.  Evaluation  of  the 
smokos  will  be  made  on  tho  basie  of  integration  of  the  produot  of  the 
totally  obsoured  area  botween  ground  levol  and  the  top  of  the  12-foot  posts 
and  the  time  of  porsistonoe  of  tho  smoko.  Attempts  will  be  made  to  oorreot 
to  etandard  conditions  eaoh  evaluation  by  applying  oorrooticn  faotors,  to 
bo  determined  later,  whioh  will  allow  for  wind  volocity  and  for  over-all 
weather  conditions  as  evaluated  by  the  standard  smoko. 


UNCLASSIFIED 


